Abstract: Basically, in cellular network systems, the relay station (RS) is used to increase the cell coverage of mobile stations (MS) at a cell edge. But, the system performance due to the use of RS is interfered by the neighboring cells and decreased by the low power of received signals, generally. In order to overcome these disadvantages and get a diversity gain or a high data rate, we design and propose the multiple-input multiple-output (MIMO) multi-hop relaying system structure using the BS cooperation scheme, and evaluate the performance of the proposed system in this letter. Therefore, the MSs can effectively receive the signals through the proposed design which uses the RS in the overlapping regions. Keywords: BS cooperation, MIMO, G-STBC Classification: Science and engineering for electronics
Introduction
Recently, multi-hop relaying schemes have become an interesting research area in cellular network systems when a base station (BS) wants to transmit the own signals to far away destinations. In order to increase the capacity and extend the cell coverage in cellular networks, a relay station (RS) have to be deployed at a cell edge, efficiently [1] . That is the reason why the capability of first hop transmission can have considerable effects on the overall system performance.
In 2 adjacent cells, the 2 BSs transmit each different signals to destinations, and then these transmitted signals are overlapped at the cell edge which is known as the handoff region. So, the RS received these signals and re-transmit the received signals in the handoff region. However, if the RS suffers from high inter-cell interference (ICI) in the this case, the received signals in the RS bring about a large system loss. Therefore, the BS cooperation scheme is required to decrease the system loss in this case. Since the BSs are connected to backbone network exchanging their information with each other, the multi-hop relaying system obtains high performance and spectral efficiency through a BS cooperations scheme.
So, in this letter, we design the effective multi-hop relaying system to extend the radius of cells and decrease the ICI at cell edge. Also, we propose the BS cooperation scheme using the space time block code (STBC) and groupwised STBC (G-STBC) matrix to obtain both diversity and capacity gains at same time [2, 3, 4, 5] .
System model
In this section, we consider a multiple-input multiple-output (MIMO)-orthogonal frequency division multiplexing (OFDM) multi-hop relaying system as shown in Fig. 1 . There are the 2 fixed BSs with M t multiple antennas which are connected by a wired backbone to exchange their information. Also, there is a RS with M r multiple antennas and a mobile station (MS) with single antenna. In advance of the definition of system model, we as- sume that the BS can align the intended signals from RS by the perfect timing synchronization and the BSs can communicate each other so that the signals from different BSs arrive at each RS.
The transmitted OFDM signal at each antenna can be written as
where N is the number of subcarriers and k is the subcarrier index. The transmit signals, S, are modulated with the complex signals. These signals are transmitted through the MIMO channel because both BS and RS have multiple antennas. So, the first-hop channel between each BS and RS is denoted by M r × M t matrix H. At second-hop, the channel between a RS and MS is denoted by M r ×1 matrix G because each MS has a single antenna. Fundamentally, in the case of a single cell, the BS transmits the OFDM signals to the RS using several MIMO transmission techniques (STBC and vertical Bell lab layered space-time (VBLAST)), and then the RS decodes the received signals. At second-hop, the RS re-transmits the re-encoded signals using STBC only. At each antenna in each RS, the received signals using 2×2 STBC and VBLAST except for an additive white Gaussian noise (AWGN) can be expressed as
where S 1,2 and H i,j are the transmitted signal and the slow-fading MIMO channel from i-th antenna of the BS to j-th antenna of the RS, respectively. In the second hop, the RS retransmits data to the MS using 2 × 1 STBC for successive two time slot. The received signal matrix Y is given as
where G,Ŝ, and N are the slow-fading multiple-input single-output (MISO) channel, the estimated signal, and AWGN, respectively.
Effective MIMO multi-hop relaying scheme using the BS cooperation with 2 BSs
In this section, we consider the case of 2 adjacent cells in Fig. 1 and propose the MIMO multi-hop relaying scheme using the BS cooperation which is changed by condition of SNR. In 2 adjacent cells, the received signals in the RS bring about a large system loss because the RS suffers from high inter-cell interference (ICI). Therefore, the proposed scheme can provide the most significant performance gain and capacity by several MIMO techniques because the BSs are connected to backbone network exchanging their information with each other. In the BS cooperation, the RS receive each signal from 2 BSs with 2 antennas. The MIMO channel, H, between 2 BSs and RS is denoted by M r × 2M t since the total number of transmit antennas are double. So, the STBC and G-STBC can be applied for the proposed scheme, and the VBLAST is only used for the performance comparison because the RS can not detect the transmitted signal if the number of the received antennas M t is less than the number of transmit antennas M t .
For STBC scheme, the 1/2 and 3/4 rate STBC schemes using 4 transmit antennas is applied as shown in Fig. 1 (c) . The transmission matrices are designed as 8 × 4 and 4 × 4 vectors which are expressed in [3] . In this letter, we focus on the BS cooperation using G-STBC in Fig. 1 (d) in order to obtain both multiplexing and diversity gain in low SNR. The G-STBC has a hybrid structure of STBC and VBLAST in MIMO multi-hop relaying system. For example, through the 4×2 G-STBC encoding, each BS transmits the different signals coded by STBC code as follows.
where the [·] T means the transposed matrix. The received signal vector can be written as
where Y and N are 2 × 2 received signal and AWGN, and H is denoted by the equivalent channel matrix 2 × 4. For improving the performance of decoding process, the soft decision based iterative interference cancellation (SIIC) [5] is used in this letter. First, trough the re-arrangement of received signal, Equation (5) is changed as follows for the decision process.
where each T is the MIMO channel vector for each G-STBC signal. Also, S and V mean [S 1 S 2 S 3 S 4 ] T and the noise elements vector, respectively. And then, the decision method can be used to generate the estimation of interference between two BSs. After the decision process, the ICI cancellation method is used to improve the estimation, and this cancellation method are iterated for the accuracy of estimated signals. In case of QPSK, the l-th estimated signal (l = {1, 2, 3, 4}) after i iterations can be expressed aŝ
where S represents the decision statistic for the l-th signal at iteration i.
Diversity gain and transmission rate
In this section, we compare the diversity gain and transmission rate for the proposed cooperation, and find out the suitable modulation schemes. For the proposed cooperation, in the second-hop, the full rate and full diversity gain is obtained by 2 × 1 STBC, uniformly. Therefore, Table I shows the suitable Table I . Suitable modulation scheme for proposed BS cooperation scheme modulation orders of the VBLAST, STBC, and G-STBC in case of first-hop since the system performance is seriously affected by the first-hop.
To obtain the highest system performance in multi-hop relaying system, the RS exactly decodes the received signal. For example, when compared with the diversity gain performance between the different detection schemes, the zero forcing (ZF) detection have the same value. However, the G-STBC is equal to STBC with 2 receiving antennas in case of the maximum likelihood (ML) detection [5] . Therefore, we had to select the optimal transmission scheme and detection scheme depend on trade off between transmission rate and diversity order. The proposed BS cooperation using G-STBC matrix get not only diversity gain but also high transmission rate in the BS cooperation mode while the 1/2 rate STBC scheme only have the best diversity order. Especially, the BS cooperation using G-STBC shows better performance than others in cell edge.
Simulation results
We use a MIMO-OFDM system with 128 subcarriers over the Rayleigh multipath fading channel. At the first-hop, the simulations are carried out for QPSK, 16QAM or 64QAM to compare the single BS and multiple BS fairly. At the second-hop, the QPSK modulation with STBC is uniformly adopted to improve the system performance. Fig. 2 shows the BER performance when the first-hop channel is 10 [dB] less than the second-hop channel. This 10 dB path-loss occurs by ICI and multi-path fading between first-hop and second-hop. If the SNR value is very high, the 4 × 2 STBC scheme outperforms performance due to high diversity order. In the low SNR region bellow the 21 [dB], the performance of the BS cooperation using G-STBC scheme is better than that of 4×2 STBC scheme. As this simulation result, the BS cooperation using G-STBC scheme is the most suitable in cell edge.
In order to study the effect of the BS cooperation for the overall system performance according to the second-hop channel environment, the BER performance in case of the fixed first-hop channel SNR value (10 and 15 [dB] ) is shown in Fig. 3 . The horizontal axis of this figure means the increasing SNR value of the second-hop channel. So, in case of 10 [dB], the BER performance of the proposed scheme outperforms that of the other schemes. This result shows that the system performance can be highly improved by the proposed BS cooperation using G-STBC scheme in low SNR region.
Conclusion
The proposed BS cooperation provides the improvement of the reliability and transmission rate. Also, the proposed scheme that the multi-hop relaying system is robust to ICI and multi-path fading. Applying the proposed BS cooperation using G-STBC scheme, the system gets the best achievable performance at low SNR and very good BER performance in cell edges.
